We have proposed the shifting theorems for the Elzaki transform which was proposed by Elzaki in 2011 to solve initial value problems in controll engineering problems. The proposed theorems are composed of the u-shifting theorem and the time shifting, and the proof is done correctly when is compared with established ones. Additionally, we have dealt with the alternative form of it.
Introduction
The Elzaki transform [5] [6] [7] [8] [9] , a kind of modified Laplace's/Sumudu, was introduced by Elzaki in 2011, and it is defined by
for E[f (t)] = T (u). Elzaki insists that the Elzaki transform should be easily applied to the initial value problems with less computational work, and solve the various examples which are not solved by the Laplace or the Sumudu transform [9] . We would like to take a look into preceding researches of this topic. Watugula [12] proposed the Sumudu transform defined by
for S[f (t)] = G(u), Eltayeb[4] applied the transform to find the solution of ODEs, Agwa [1] dealt with the transform on time scales. On the other hand, Ali [2] applied the Elzaki transform to finding the solution of Abels integral equations, and Hesameddini/Elzaki used Homotopy perturbation and Elzaki transform to obtain the approximate analytical solution of Sine-Gorden and Klein-Gorden equations/nonlinear partial equations in [10] / [8] , respectively. Cho [3] has tried to find the solution of Bessel's equation by using the transform. Although this transform has strong points to find the solution of differential equations with variable coefficients, the shifting theorem does not have. Hence we would like to propose the proof which is faithful to the definition. In this article, we have proposed the shifting theorems for the Elzaki transform, and they are better when are compared with existing proofs.
The shifting theorems for the Elzaki transform
To begin with, let us check the definition of the Elzaki transform.
Definition 2.1 The Elzaki transform of the functions belonging to a class
or equivalently,
The following results can be obtained from the definition and simple calculations.
for E(f (t)) = T (u) [6] [7] .
Elzaki proposed the shifting theorem in [6] which is
for E{f (t)} = T (u). Since this has a calculational problem, we would like to clarify the shifting theorems for the Elzaki transform. The proposed proof is done by the different method, and make a comparison between the direct calculation and it. Additionally, we have checked the alternative form of the u-shifting theorem, and the time shifting as well.
Theorem 2.2 (u-shifting theorem for the Elzaki transform) If f (t) has the transform T (u), then e
at f (t) has the transform
where a < 1/u and E{f (t)} = T (u). In formulas,
Although the above theorem is very simple, it has a practical meaning. Let us consider some examples in order to check the validity of the theorem 2.2. From this equation and the (*) we immediately obtain the formula
Organizing the equality, we have E(e at sin wt)
Next, we would like to approach it by the direct calculation. Let us put E(e at sin wt) = I.
Using the integration by parts, we have
cos wt e
because of a < 1/u. Once again, applying the above integral to the integration by parts, we have
Organizing the equality, we have
Thus, we obtain the desired result
for a < 1/u. Of course, this is the same result with (**).
Similarly, we can obtain the formula
Next, let us check the alternative form T (u − a) of the u-shifting theorem. Surely, it is practical for solving differential equations with variable coefficients by using the Elzaki transform.
Example 2.4 Find the inverse of the Elzaki transform
Solution.
Corollary 2.5 (alternative form of u-shifting theorem) If f (t) has the transform T (u), then
holds for E{f (t)} = T (u).
Proof. From the definition of the Elzaki transform,
,
Expanding the equality, we have
for E{f (t)} = T (u).
By the corollary 2.5.
holds, and this idea with respect to T (u) can be applied to another transform such as Sumudu.
Corollary 2.6 If u(u
Proof. It follows from the (*) and the (***).
The corollary 2.6 state that if a > 2, (****) holds because of u = 1/u. On the other hand, we proposed the time shifting theorem in [11] . In formulas, Thus we obtain the result
